Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation, which results in exertional dyspnea and physical disability. Subsequently, those cause a difficulty in performing routine activities of daily living and affect their health-related quality of life (HRQOL). Lung volume reduction surgery (LVRS) has been reported to be an effective treatment for selected patients with advanced COPD to improve pulmonary function, lung mechanics, exercise tolerance, and dyspnea. However, the long-term effects of LVRS on HRQOL have not been fully investigated. Therefore the effects of LVRS on generic and disease-specific HRQOL were assessed in patients with COPD following LVRS for 36 months. Nineteen patients (65.1 ± 7.0 [mean ± S.D.] years old) who underwent pulmonary rehabilitation plus LVRS (LVRS group), and 8 patients (67.2 ± 5.8 years old) who did pulmonary rehabilitation but not LVRS (Medical group) were studied. In both groups, optimal medication was given throughout this period. Generic HRQOL and diseasespecific HRQOL were evaluated before rehabilitation, and 3, 12, 24, and 36 months after LVRS. Following LVRS, the generic HRQOL was significantly improved and the diseasespecific HRQOL was maintained up to 36 months. In Medical group, disease-specific HRQOL rapidly deteriorated. In conclusion, the long-term effects of LVRS on HRQOL in COPD patients were maintained up to 36 months compared with Medical group. Both generic and disease-specific HRQOL changed differently, suggesting the importance of both assessments especially in long-term follow up.
undoing surgical operation were homogenous distribution of emphysematous lesions (i.e., no target areas to be excised) (6 patients), and relatively younger age (1 patient).
Intensive medical treatment with a pulmonary rehabilitation program was started in both groups, and continued until the operation (LVRS group) or discharge (Medical group). The pulmonary rehabilitation programs were same content in two groups. They were mainly based on exercise training such as walking and cycle ergometry, and also included breathing pattern training (pursed lips and diaphragmatic breathing), thoracicmobility exercise, stress management, and educational sessions using videotapes (medication, oxygen therapy, nutrition, and health preservation). The study was approved by the appropriate institutional review boards, and written informed consent was obtained from all of the subjects.
Pulmonary functions, body weight and exercise capacity
Spirometry was performed using standard techniques (American Thoracic Society 1995) and apparatus (Fudac-70S; Fukuda Denshi Co., Tokyo). Lung volume was estimated using body plethysmography (Gould 2800J; Gould, Dayton, OH, USA). Arterial blood was sampled from the radial artery in the sitting position during room air breathing. Body weight expressed as % ideal body weight (% IBW). Functional exercise performance was measured by a 6-minute walking distance (6MWD), which is the conventional manner that Guyatt et al. (1984) described.
HRQOL
HRQOL was assessed with use of Sickness Impact Profile (SIP) (Bergner et al. 1981) for generic HRQOL, and by visual analogue scale (VAS) (Hiratsuka and Kida 1993) for disease-specific QOL.
SIP is one of the well known generic HRQOL measure and is a sensitive and behaviorally based measure of sickness-related dysfunction (Bergner et al. 1981) . The SIP contains 136 items grouped into 12 categories (A, ambulation; M, mobility; BCM, body care and movement; SM, social interaction; C, communication; AB, alertness behavior; EB, emotional behavior; SR, sleep and rest; E, eating; HM, home management; RP, recreation and pastimes; W, working) describing activities involved in carrying on one's life, and reflects the selfassessment of the sickness and dysfunction, in which the score ranges from 0% (indicating high HRQOL) to 100% high prevalence (Takemura et al. 2005) . COPD is characterized by progressive airflow limitation which results in exertional dyspnea and physical disability. Subsequently, those cause a difficulty in performing routine activities of daily living and affect their health-related quality of life (HRQOL) (Schenkel et al. 1996; Bendstrup et al. 1997; Goto et al. 2001) .
Lung volume reduction surgery (LVRS) has been reported to be an effective treatment for selected patients with advanced COPD to improve pulmonary function, lung mechanics, exercise tolerance, and dyspnea (Keller et al. 1997; Teschler et al. 1999; Geddes et al. 2000; The National Emphysema Treatment Trial Research Group 2003) . However, the long-term effects of LVRS on HRQOL have not been fully investigated. In this study, therefore, we investigated whether LVRS would improve generic and diseasespecific HRQOL in patients with severe COPD for 36 months.
METHODS

Subjects
Between October 1996 and January 2000, 19 patients with severe COPD aged 65.1 ± 7.0 years (mean ± S.D.) underwent LVRS in the Tohoku University hospital (LVRS group) were studied. LVRS underwent bilateral simultaneous procedures. In the same period, 8 patients aged 67.2 ± 5.8 years with severe COPD who had equivalent pulmonary impairments that would make them eligible for surgical indication of LVRS, but were medically treated with the pulmonary rehabilitation program without LVRS (Medical group) were studied.
In both groups, high-resolution computed tomography and nuclear-perfusion and ventilation studies were performed to identify the areas of poor function to be targeted for resection, as well as the areas to be avoided. All the patients had radiographic evidence of emphysema and hyperinflation without significant bullous disease. None of the patients in this series had α 1 -antitrypsin deficiency.
The patients who had "target area to be excised" underwent LVRS (LVRS group). The patients who were not accepted for LVRS due to their serious condition were not entered in this study. In Medical group, they had medical reasons of undoing LVRS (n = 7) or did not consent to have LVRS (n = 1). The medical reasons for (indicating low HRQOL) (Bergner et al. 1981) .
There are two overall dimensions (the physical dimension score calculated from 3 categories related to motor activities, and the psychosocial dimension score calculated from 4 categories related to emotional and social behaviors) and 5 independent categories that is not a separate dimension but is included in the total SIP score (Bergner et al. 1981) . We made the Japanese version of SIP by back translation method and obtained permission to use it from the original investigators.
VAS is a simple HRQOL questionnaire using a linear analog scale designed to evaluate HRQOL in patients with chronic pulmonary diseases (Hiratsuka and Kida 1993) . It was previously shown that the QOL scale has internal consistency and validity (Hiratsuka and Kida 1993; Katsura et al. 2003) . VAS showed a significant correlation with the total score and three components of the St. George's Respiratory Questionnaire (Jones et al. 1992) , the other disease-specific HRQOL measure for patients with chronic pulmonary diseases. VAS scale contains 7 items (Feeling of Well-being, Mood, Dyspnea, Social Activities, Housework or Job, Appetites, Anxiety). One hundred millimeter vertical line was given for each item, with the ends of the lines labeled with words descriptive of item. The examinee was asked to write a simple mark (×) on the line at the point most appropriate to describe their feelings at that moment. The scores ranges were from the best score (100 mm = 100%) to the worst score (0 mm = 0%) (Hiratsuka and Kida 1993) .
Timing of the measurements
In both groups, pulmonary function and exercise capacity were evaluated before rehabilitation. Pulmonary function and exercise capacity were also evaluated before rehabilitation and 3, 12 and 36 months after LVRS. Pulmonary function and exercise capacity in Medical group were evaluated only at the beginning of this study because we could not examine after their discharge from the hospital. HRQOL were evaluated before rehabilitation and 3, 12, 24 and 36 months after LVRS (LVRS group), or at approximately the same time starting from the day of discharge instead of from the day of operation (Medical group). Three of 19 patients in the LVRS group could not be evaluated SIP at 3 months after LVRS for being in hospital, because SIP contained several categories concerned items at home.
Data analysis
All data are presented as mean ± S.D. Comparisons between LVRS group and Medical group were performed by two-way repeated measures ANOVA with α set at p < 0.05. Comparisons within a group were performed by a one-way repeated measures ANOVA following by Tukey's multiple-comparison post hoc test, with α set at 
RESULTS
Baseline measurements
At the baseline evaluation, there were no significant differences in pulmonary functions, and exercise capacity (Table 1) , and VAS and SIP HRQOL scores (Table 2) , between LVRS and Medical group.
Effects of LVRS on pulmonary function and 6-minute walking distance (6MWD)
Some of patients in the LVRS group could be evaluated for pulmonary functions (n = 9) and 6MWD (n = 7) before rehabilitation and 3, 12 and 36 months after LVRS. The change of FEV1 was 0.74L (before rehabilitation), 1.20L (3 months), 1.02L (12 months), 0.96L (36 months). FEV 1 increased by 62% at 3 months post-LVRS, 37% (12 months) and 30% (36 months), compared to the preoperative baseline values. The result of 6MWD at 3 months was significantly increased by 28%, and the increase was maintained at the 36 month follow-up in LVRS group. Fig. 1 shows the SIP HRQOL scores by SIP in both groups during 36 months. Statistically significant interaction of time and group by twoway repeated measures ANOVA was found in. SIP-overall: ( p < 0.01), and SIP-physical: ( p < 0.05), and tendency of interaction of time and group was found in SIP-psychosocial ( p = 0.054). In the LVRS group, the SIP-overall, SIP-physical and SIP-psychosocial score were significantly improved after LVRS for 36 months. Both SIPoverall and SIP-physical scores were significantly improved at 12 months after LVRS, and maintained until 36 months compared to the baseline. The SIP-psychosocial score was also improved similarly, but the statistical significance was found only at 12 months compared to the baseline. In the Medical group, the SIP-overall and SIPphysical scores were significantly deteriorated for 36 months. Especially, the SIP-overall score at 36 months significantly deteriorated compared to 12 months. Fig. 2 shows characteristics of 12 category scores composing of SIP in both groups. Statistically significant interaction of time and group by two-way repeated measures ANOVA was found in. BCM ( p < 0.001), and SI ( p < 0.01), and tendency of interaction of time and group was found in A ( p = 0.056) and HM ( p = 0.069). In the LVRS group, the physical dimension score from 3 categories (ambulation, mobility, body care and movement), two in 4 categories of the psychosocial dimension score (social interaction, emotional behaviors), and one in 5 independent categories (home management) were improved significantly after LVRS. In the Medical group, one category (mobility) of the physical dimension score has gradually deteriorated for 36 months. Fig. 3 shows VAS-HRQOL scores by visual analogue scale in both groups during 36 months. The VAS-HRQOL was the best at 12 months. Statistically significant interaction of time and group by two-way repeated measures ANOVA was found in. Mood: ( p < 0.01), Dyspnea: ( p < 0.0001), Social Activities ( p = 0.001), Housework or Job: ( p < 0.01) and Appetites ( p < 0.0001). In the LVRS group, seven in 9 items (Feeling of Well-being, Mood, Social Activities, Housework or Job, Anxiety) were significantly changes for 36 months. Social Activities, Housework or Job, and Anxiety scores at 12 month were significantly improved compared to the baseline, but Feeling of Well-being and Mood scores at 36 month became significantly worse than 12 months. In Medical group, VAS-HRQOL scores were the best at the baseline and became gradually worse afterwards.
Effects of LVRS on HRQOL
DISCUSSION
The present study demonstrated that the generic SIP-HRQOL in LVRS group improved and also the disease-specific VAS-HRQOL in LVRS was maintained up to 36 months after the operation. This study indicated that the long-term beneficial effects of LVRS on generic and diseasespecific HRQOL in severe COPD patients. Moreover, this study also demonstrated that the generic SIP-HRQOL in Medical group improved only temporary after pulmonary rehabilitation and also the disease-specific VAS-HRQOL was rapidly deteriorated in Medical group.
The SIP measures the effective activities involved in carrying on one's life, and reflects the self-assessment of the sickness and dysfunction (Bergner et al. 1981) . Criner et al. (1999) suggested that a substantial improvement in SIP-HRQOL 3 months after LVRS compared with pulmonary rehabilitation alone. Cordova et al. (1997) also reported that the SIP-overall score improved at 3 months after LVRS and was sustained for 12 months. Moreover, O'Brien et al. (1999) reported that patients with moderate to severe resting hypercapnia also had significantly improved SIP scores between 3 and 6 months after LVRS. In the present study, we observed an improvement in SIP scores up to 36 months after LVRS. Especially, marked improvement in the SIP-Physical score was apparent in LVRS group. The SIP-Physical score at 12 months after LVRS improved to almost the same level as the normal range reported by Prigatano et al. (1984) .
In contrast, HRQOL scores in Medical group were gradually deteriorated in this study. However, there was still a possible benefit of SIP-HRQOL during the initial 3 months in Medical group, probably due to in-patient pulmonary rehabilitation. Randomized control trials as National Emphysema Treatment Trial (NETT) study reported that the pulmonary rehabilitation before LVRS also showed significant improvements on QOL measure (Kaplan et al. 2004) .
There were different changes in the SIP-HRQOL level between LVRS group and Medical group for 36 months. Therefore the present study indicated that, in selected patients, LVRS had a beneficial impact on generic HRQOL that could not be achieved by conservative therapies such as medical treatment and pulmonary rehabilitation.
In contrast to the marked improvement in the SIP-physical score in LVRS group, improvement in the SIP-psychosocial score was not so apparent. We also reported that the psychological state scores did not significantly change up to 12 months after LVRS compare to the baseline (Goto et al. 2004) . Previous studies also showed that LVRS did not significantly improve the psychological evaluation scores, for examples, in the emotional reaction and mental health scores of the Nottingham Health Profile (NHP) by Cooper et al. (1996) , nor in the role emotional and mental health scores of SF-36 by Moy et al. (1999) . Therefore, beneficial effects of LVRS on psychosocial HRQOL might be not so strong compared with those on physical HRQOL in severe COPD patients.
The present study demonstrated that most of the disease-specific VAS-HRQOL scores in LVRS were maintained up to 36 months after the operation compared with Medical group. However, both of Feeling of Well-being and Mood at 36 months after LVRS were worse than before LVRS. It is difficult to elucidate the reason why the VAS-HRQOL did not improve significantly after LVRS. One of the reasons may be that COPD is the progressive disease, and it is difficult for COPD patients to expect long lasting beneficial effects of LVRS. Indeed, lung function appears to improve in the first few months following LVRA in most patients, maximizing at approximately 3 to 6 months and declining thereafter (Brenner et al. 1998; Goto et al. 2004 ).
VAS-HRQOL was rapidly deteriorated in Medical group. Similar results were reported by Oga et al. (2004) that the dyspnea, fatigue, and emotional function domains of the Chronic Respiratory Disease questionnaire declined slowly but significantly over 3 years in COPD patients.
The limitation of this study is that, there could have been a bias in the selection of patients for operation since it was not a randomized trial. However, LVRS is not an appropriate therapy for all patients with COPD (Weinmann and Hyatt 1996; The National Emphysema Treatment Trial Research Group 2003) . There is a category of patients for whom LVRS has been demonstrated to provide significant benefit and there are ethical problems regarding randomization for those categorized patients (Cooper 2001) . The surgical indications for LVRS should be carefully considered in each case. Therefore, we did not have randomized settings in the present study.
Another limitation was the small number of the patients. The number of new patients to our hospital was less than we expected during the scheduled period. Although our findings were significant, still the supportive reports by the future studies will be needed.
In conclusion, the long-term effects of LVRS on HRQOL in COPD patients were maintained up to 36 months compared with Medical group. Both generic and disease-specific HRQOL changed differently, suggesting the importance of both assessments especially in long-term follow up.
In conclusion, the long-term beneficial effects of LVRS on generic and disease-specific HRQOL in COPD patients were demonstrated. The present results indicated that the generic HRQOL in LVRS group improved and also the disease-specific HRQOL in LVRS was maintained up to 36 months after the operation. Both generic and disease-specific HRQOL changed differently, suggesting the importance of both assessments especially in long-term follow up.
